Abstract: Two sympatric forms ( I and II ) of the estuarine grapsid crab Hemigrapsus penicillatus from the Nanakita River (Sendai, Japan) were detected by starch gel electrophoresis. Form I consists of individuals possessing the allele 6PgdB, while Form II has the allele 6PgdC. Heterozygote individuals (genotype of B/C ) were not observed at the 6Pgd locus. Form I is also characterized by the alleles Aat-2C and PgmA, while Form II has the alleles Aat-2B and PgmB. Morphological analysis revealed that the patch of soft hairs on the male chela in Form II individuals is much larger than that in Form I . The above results suggest that the two sympatric forms are reproductively isolated and represent sibling species.
INTRODUCTION
Most decapod crustacean species have been described and identified primarily by morphological characters.
Although this criterion effectively delineates many species, clusters of morphologically similar but reproductively isolated taxa, called sibling species, cannot be delineated easily. This term (sibling species) has been used for sets of sympatric species that are difficult to distinguish in terms of traditional morphological characters (Mayr 1963) . In the study of evolutionary or conservation biology, sibling species should be dealt with as separate units.
Recently, electrophoretic analyses have helped to reveal sibling species complexes in decapod crustaceans and other marine invertebrates (Chow & Fujio 1985; Chow et al. 1988; Fidhiany et al. 1988; Knowlton 1986 Knowlton ,1993 .
Electrophoretic data have been useful in understanding the population structure and / or examining population mixing in a single location, especially as concerns deviations in the observed frequencies of genotypes compared to the expected values under Hardy-Weinberg equilibrium. An excess of homozygotes at one or several isozymic loci could be due to the mixing of genetically different populations at that location.
An extreme and stable excess of homozygotes leads us to suspect the existence of sibling species complexes.
An estuarine grapsid crab, Hemigrapsus penicillatus (De Haan), is distributed around the coasts of Japan, Korea, China, Taiwan, and Hawaii, and it inhabits rocky or stony intertidal shores (Sakai 1976) . The chela of the male has a patch of soft hairs near the base of the fingers. In the present study we found two sympatric forms of this crab that could be genetically distinguished by using electrophoretic analysis, so we also surveyed the morphological differences between them in detail. 
MATERIALS AND METHODS

Electrophoretic analysis
RESULTS
Electrophoretic analysis
Electrophoresis revealed 19 loci encoding the 12 investigated enzymes in H. penicillatus.
Of all the loci examined, nine (Fdp-1, aGpd, Ldh-1, Ldh-2, Mdh-1, Mpi-1, Mpi-2, Sod-1, and Sod-2) were monomorphic and three (Aat-2, 6Pgd , and Pgm) were polymorphic (0.95 criterion), as shown in Fig. 2 . The remaining eight loci (Aat-1, Fdp-1, Fdp-2, Gpi, Idh-1, Idh-2, Mdh-2, and Odh) showed rare variants. The numbers of alleles at the assigned loci that showed variants are shown in Table 2 .
The goodness of fit between the observed frequencies and the Hardy-Weinberg expected frequencies of genotypes was examined at the three polymorphic loci (Aat-2, 6Pgd, and Pgm) , and significant diviations (G-test, P<0.05) were observed at these loci in the samples collected in 1995 and 1996. The deviations were caused by an excess of homozygotes (Table 3) . At the 6pgd locus, the B / B and C / C genotypes were dominant but the B / C genotype was not observed at all, which suggests that the collected sample of H. penicillatus represented a Expected frequency of each genotype under Hardy-Weinberg equilibrium indicated in parentheses. * Significant difference between observed and expected frequencies of genotypes (P<0.05). The group possessing the Aat-2C, 6PgdB, and PgmA alleles was designated as Form I and the other group, possessing the Aat-2B, 6PgdC, and PgmB alleles, as Form II.
The allele frequencies at 10 loci for the two forms of H. penicillatus are shown, separately for two sampling periods, in Table 5 . Aat-1 and Odh in Form II were polymorphic. At these loci, the observed frequencies of genotypes and those expected under Hardy-Weinberg equilibrium were not significantly different. The remaining loci showed monomorphic or rare variants in Form I, Form II, or both. The allele frequencies were not significantly different between the two different sampling periods for either form (t-test, P>0.05). The expected heterozygosity (He) was 0.017 -0.025 for Form I and 0.022 -0.024 for Form II, and these values were not significantly different (t-test, P> 0.05).
The values of Nei's genetic distance (Nei 1972) between the two forms, calculated from allele frequencies at 19 examined loci, were in the range of 0.150 to 0.162, the average being 0.156.
Morphological analysis
The carapace length and seven morphological characteristics were compared between the two forms distinguished by alleles at the 6Pgd locus (Table 6 ) . Mean carapace length showed significant differences between the sexes within each form (t-test, P<0.05), but for each sex, there was no significant difference between the two forms (P>0.05). Therefore, these characteristics were compared with regard to sex. Six of the seven characteristics were not significantly different between the forms in either sex (t-test, P>0.05) , but remarkable differences were evident in RAH between male crabs of the two forms, and this was true for both collection periods (t-test, P<0.05).
The range of RAH was 0.02 -0.14 in Form I and 0.21-0.46 in Form II, indicating that the relative size of the soft hair patch on the male chela in Form II is much larger than in Form I, with no overlap.
DISCUSSION
This study revealed two sympatric forms (I and II) of the estuarine grapsid crab H, penicillatus through the use of electrophoretic and morphological analyses. In the electrophoretic analysis, the discovery of a locus, 6Pgd, with fixed differences between the two forms indicates a high possibility of reproductive isolation Benthos Research December, (Chow & Fujio 1985; Chow et al. 1988; Fidhiany et al. 1988) .
Regarding the level of genetic differentiation, Nei (1975) found that in a variety of animals, genetic distance (D) was approximately 1.0 between congeneric species, but approximately 0.1 among subspecies and 0.01 among local races. In decapod crustaceans, the average genetic distance between congeneric species is 0.44 (Hedgecock et al. 1982) . According to these rough criteria, the genetic distance (D = 0.156) between the two forms of H. penicillatus falls into the range of subspecies.
The two genetically distinct forms also showed an obvious morphological difference and yet they occurred in the same location. We conclude that the two forms of H. penicillatus are sibling species and that gene flow between them is prevented for some reason. The mechanisms underlying the reproductive isolation of the two forms of this estuarine crab are unknown. The breeding season, morphology of genitalia, and behavior in mating of the two forms, and the viability of their hybrid shoul inv
